Estimation of Underground River Water Availability Based on Rainfall in the Maros Karst Region, South Sulawesi by Arsyad, Muhammad et al.
Estimation of underground river water availability based on rainfall in the Maros karst
region, South Sulawesi
Muhammad Arsyad, , Nasrul Ihsan, , and Vistarani Arini Tiwow,
Citation: AIP Conference Proceedings 1708, 070003 (2016); doi: 10.1063/1.4941176
View online: http://dx.doi.org/10.1063/1.4941176
View Table of Contents: http://aip.scitation.org/toc/apc/1708/1
Published by the American Institute of Physics
(VWLPDWLRQRI8QGHUJURXQG5LYHU:DWHU$YDLODELOLW\%DVHG
RQ5DLQIDOOLQWKH0DURV.DUVW5HJLRQ6RXWK6XODZHVL
0XKDPPDG$UV\DGD1DVUXO,KVDQEDQG9LVWDUDQL$ULQL7LZRZF
Department of Physics, Faculty of Mathematics and Natural Science, State University of Makassar, Jl. Daeng Tata, 
UNM Campus Parangtambung, Makassar 90222, South Sulawesi, Indonesia 

D&RUUHVSRQGLQJDXWKRUPBDUV\DG#\DKRRFRLG 
EQLKVDQ#XQPDFLG
F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$EVWUDFW0DURVNDUVWUHJLRQFRYHULQJDQDUHDRIKHFWDUHVKDVZDWHUUHVRXUFHVWKDWGHWHUPLQHWKHOLIHDURXQGLW
:DWHUUHVRXUFHVLQ0DURVNDUVWDUHLQWKHURFNOD\HUVRUULYHUXQGHUJURXQGLQWKHFDYH7KHGDWDXVHGLQWKLVVWXG\DUH
SULPDU\DQGVHFRQGDU\GDWD3ULPDU\GDWD LQFOXGHVFKDUDFWHULVWLFVRI WKHPHGLXP6HFRQGDU\GDWD LV UDLQIDOOGDWD IURP
%0.*ZDWHUGLVFKDUJHGDWDIURPWKH36'$6RXWK6XODZHVLSURYLQFHLQDQGWKHRWKHUFKDUDFWHULVWLFVGDWD
0DURVNDUVWQDPHO\FDYHIORUDDQGIDXQDRIWKH%DQWLPXUXQJ%XOXVDUDXQJ1DWLRQDO3DUN'DWDDQDO\VLVZDVFRQGXFWHG
XVLQJODERUDWRU\WHVW IRUPHGLXPFKDUDFWHULVWLFV0DURVNDUVWUDLQIDOODQGZDWHUGLVFKDUJHZHUHDQDO\]HGXVLQJ0LQLWDE
3URJUDPWRGHWHUPLQHWKHLUSURILOH7KHDYHUDJHUDLQIDOODERYHPPSHU\HDURFFXUVLQWKHUDQJHRIWR
7KHDYDLODELOLW\RIWKHZDWHUGLVFKDUJHDWRYHUPVZDVKDSSHQHGLQDQG3UHGLFWLRQZDVGRQHE\PRGHOLQJ
$XWRUHJUHVVLYH,QWHJUDWHG0RYLQJ$YHUDJH$5,0$ZLWKWKHUDLQIDOOGDWDVKRZVWKDWWKHDYHUDJHSUHFLSLWDWLRQIRUIRXU
\HDUVZLOOVKDUSO\IOXFWXDWH7KHSUHGLFWLRQRIZDWHUGLVFKDUJHLQ0DURVNDUVWUHJLRQZDVGRQHIRUWKHSHULRG
IURP-DQXDU\WR$XJXVWLQLQFOXGLQJWKHW\SHRI,QWKHDGGLWLRQRIWKHZDWHUGLVFKDUJHVWDUWHGXSLQHDUO\

,1752'8&7,21
6WUDWHJLF LVVXH LQNDUVW UHJLRQ LVDGHFUHDVH LQZDWHUTXDOLW\GXH WRPLQLQJRI OLPHVWRQH IRUFHPHQWDQGRWKHU
LQGXVWULHV 3ROOXWLRQ RI JURXQGZDWHU LQ NDUVW UHJLRQ LV WKH FRQVHTXHQFH RI JHRORJLFDO DQG JHRPRUSKRORJLFDO
FRQGLWLRQVLQWKHNDUVWUHJLRQ>@.DUVWJURXQGZDWHULVLQWKHQHWZRUNVRIXQGHUJURXQGULYHUVGLUHFWO\FRQQHFWHGWR
WKH VXUIDFH YLD WKH ULYHU VXUIDFH >@ ,QGLFDWLRQV RI FRQWDPLQDWLRQ KDG EHHQ HQFRXQWHUHGZLWK LQRUJDQLFZDVWH LQ
XQGHUJURXQG ULYHUV :DWHU GHPDQG ZLOO FRQWLQXH WR LQFUHDVH LQ FRPLQJ \HDUV LQ YDULRXV FRXQWULHV LQFOXGLQJ
,QGRQHVLD
,Q ,QGRQHVLD LQHTXDOLW\RQ WKHGLVWULEXWLRQRIZDWHUDYDLODELOLW\RFFXUUHG LQ WKH,QGRQHVLDQ LQWHULVODQG3DSXD
LVODQG KDV WKH ODUJHVWZDWHU DYDLODELOLW\ LQ ,QGRQHVLD RI RI WKHZDWHU LV DYDLODEOH RQ WKH.DOLPDQWDQ
LVODQGRQ6XPDWHUD LVODQGDQG WKHUHPDLQLQJ DSSUR[LPDWHO\ LVDYDLODEOH LQVRPH LVODQGVVXFKDV
-DYD 6XODZHVL (DVW 1XVD 7HQJJDUD DQG0DOXNX 3DUWLFXODUO\ WKH LQFUHDVH LQ GULQNLQJ ZDWHU GHPDQG RFFXU LQ
0DNDVVDUDQG0DURVFLWLHVDVWKHVXUYH\UHVXOWVRQZDWHUGLVFKDUJHPHDVXUHPHQWIRUWKHUDLQ\VHDVRQZKHUHWKHUH
DUHSOHQW\RIZDWHUUHVRXUFHVEXWUHODWLYHO\IORZLQGU\VHDVRQGXHWRUDLQIDOOIDFWRUWKHUHLVDURXQGGLIIHUHQFH
IRU WKH0DURV DQG%DQWLPXUXQJ ULYHUV 7KLV LQGLFDWHV WKDW WKH QHHGV RI WKH SRSXODWLRQ WR FOHDQZDWHU VKRXOG EH
DQWLFLSDWHG,QWKHVDPHUHSRUWWKHSURMHFWHGZDWHUGHPDQGLQZLOOUHDFKOVIRUWKHFLW\RI0DNDVVDUDQG
OVIRUWKHFLW\RI0DURV>@
7KHZDWHUGHPDQGLQFUHDVHDQG0DURVNDUVWDUHD LVH[SHFWHGDVRQHRI WKHZDWHUVRXUFHV)XUWKHU UHVHDUFKRQ
VRPH WUDFNV RQ WKH EDQNV RI WKH %DQWLPXUXQJ 5LYHU VKRZHG WKDW WKH DTXLIHU LV DW WKH GHSWK  P VRLO
ZDWHUDTXLIHU QRW GHSUHVVHG :KLOH WKH ODUJHVW SRWHQWLDO IRU DTXLIHU ZDV DW WKH GHSWK  P JURXQG
ZDWHUDTXLIHUGHSUHVVHGEHFDXVHLWLVIODQNHGE\OD\HUVRIKDUGURFNDQGDFFXPXODWHGHYHQO\LQOD\HUVRIURFN>@
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,QFUHDVLQJZDWHUGHPDQGIRUSHRSOHLQQHHGVSULQJVWKDWRQHH[SHFWHGIURP0DURVNDUVW7KHNDUVWUHJLRQRI0DURV
KDV ZDWHU V\VWHP WKDW LV FRQGXFLYH ERWK XQGHU WKH FDYH DQG HPHUJHV DV WKH ULYHU VXUIDFH VXFK DV ZDWHUVKHG
%DQWLPXUXQJ7KHXSVWUHDPRI'$6%DQWLPXUXQJLVXVHGDVDSODFHRIWRXULVP>@DJULFXOWXUH>@DQGLUULJDWLRQIRU
UDZZDWHULQ0DURV3'$0>@3URWHFWLRQRIJURXQGZDWHULVQHHGHGQRWRQO\JURXQGZDWHUEXWWKHURFNDTXLIHU>@
7KHUHIRUHZHZLOOEHFDUULHGRXWVWXG\WKHFKDUDFWHULVWLFVDFFRUGLQJWRWKHQDWXUHRIWKHPHGLXPLQFOXGLQJFDYHV
IORUDDQGIDXQDDQDO\VLVWKHXQGHUJURXQGULYHUIORZSURILOHEDVHGRQWKHUDLQIDOOGDWDDQGDQDO\VLVWKHDYDLODELOLW\
RIZDWHUGLVFKDUJHRIWKHXQGHUJURXQGULYHULQ0DURVNDUVW
(;3(5,0(17$/0(7+2'
7KHORFDWLRQRIWKLVUHVHDUFKZDVLQ0DURVNDUVW6RXWK6XODZHVLDQGJHRJUDSKLFDOO\ORFDWHGEHWZHHQR’”
R’” /6DQGR’”R’” %7,WLVDGPLQLVWUDWLYHO\ORFDWHGRQWKHGLVWULFWRI0DURV6RXWK6XODZHVL
SURYLQFH3ULPDU\GDWDLQFOXGHVSK\VLFDOSURSHUWLHVGDWDRIWKHPHGLXPVXFKDVSHUPHDELOLW\SRURVLW\DQGGHQVLW\RI
WKH PHGLXP ZDV DQDO\]HG LQ WKH ODERUDWRU\ 6HFRQGDU\ GDWD LQFOXGH WKH UDLQIDOO GDWD IURP %0.* DQG ZDWHU
GLVFKDUJHGDWDWKH\HDUVIURP36'$6RXWK6XODZHVLSURYLQFH3URILOHRIUDLQIDOODQGWKHZDWHUGLVFKDUJH
ZDVGHWHUPLQHGE\WKHSURJUDP0LQLWDE:KLOHSUHGLFWLRQVRIUDLQIDOODQGWKHDYDLODELOLW\RIXQGHUJURXQGZDWHU
GLVFKDUJHVWUHDPZDVDQDO\]HGE\PRGHOLQJ$XWRUHJUHVVLYH,QWHJUDWHG0RYLQJ$YHUDJH$5,0$>@,QDGGLWLRQ
WKH FKDUDFWHULVWLFV GDWD RI0DURV NDUVW LQFOXGHV FDYHV IORUD DQG IDXQD RI WKH%DQWLPXUXQJ%XOXVDUDXQJ1DWLRQDO
3DUN
5(68/76$1'',6&8S6,21
7KH3K\VLFDO3URSHUWLHVRIWKH0HGLXP
7KHSK\VLFDOSURSHUWLHVRIWKHPHGLXP0DURVNDUVWUHJLRQZKLFKLQFOXGHVSHUPHDELOLW\SRURVLW\DQGGHQVLW\RI
WKHPHGLXPDUH VKRZQ LQ7DEOH7KH UHVXOWV VKRZHG WKDW WKH VSHFLILFJUDYLW\HLWKHUJURXQG OLPHVWRQHDQGFOD\
UHVSHFWLYHO\FRXOGEHUHVSHFWLYHO\FODVVLILHGLQWRWKHW\SHRIVRLOVLOWDQGLQRUJDQLFFOD\VRLO&OD\DQGOLPHVWRQHVRLO
KDVDKLJKSRURVLW\YDOXHVVRWKDWWKHDELOLW\WRDEVRUEZDWHURQWKHURFNLVKLJK7KH\DUHWKHPDLQFRQVWLWXHQWVRI
WKHNDUVWUHJLRQ:HWGHQVLW\YDOXHRIOLPHVWRQHVRLOLVJUHDWHUWKDQFOD\,QDGGLWLRQORZSHUPHDELOLW\YDOXHVPDNH
LWGLIILFXOWWRSDVVZDWHU+RZHYHUWKHGHJUHHRIVDWXUDWLRQLVKLJKVRWKDWWKHDUHDRIUHVHDUFKKDVWKHSRWHQWLDOWR
VWRUHXQGHUJURXQGZDWHU
7$%/(3K\VLFDOSURSHUWLHVRIPHGLXPRI0DURVNDUVWUHJLRQ>@
0DJQLWXGHRI7HVW 8QLW 7\SHRI6RLO&OD\6RLO /LPHVWRQH6RLO
6SHFLILF*UDYLW\*V   
:HW'HQVLW\UZHW  JUFP  
3RURVLW\I
3HUPHDELOLW\ FRHIILFLHQW N
&RQVWDQW+HDG3HUPHDPHWHU
3HUPHDELOLW\ FRHIILFLHQW N
)DOOLQJ+HDG3HUPHDPHWHU
'HJUHHRI6DWXUDWLRQ6U
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&DYHVLQ0DURV.DUVW5HJLRQ
.DUVWDUHDKDVFDYHVZKLFKDUHVSUHDGRYHUWKHDUHDRISURWHFWHGIRUHVW3DWWXQXDQJDQG.DUDHQJWDLQ0DURV
)RU%DQWLPXUXQJ5LYHUWKHUHDUHWZRFDYHVZKLFKKDYHQRDUWLIDFWVQDPHO\%DWXDQG0LPSLFDYHV%DWXFDYHKDV
UHODWLYHO\GU\IORRUQRWZDWHU\DQGKDVGHSWKRIDERXWPIURPWKHHQWUDQFHWRWKHFDYH2QO\LQFHUWDLQSDUWVRI
FHLOLQJVGURSVWKHZDWHU:KLOH0LPSLFDYHLVUHODWLYHO\ZLWKWKHOHQJWKDERXWPDQGLWWDNHVDERXWPLQXWHV
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IURPWKHHQWUDQFHWRWKHFDYH7KHIORRUZDVZHWDQGWKHFHLOLQJLVILOOHGZLWKRUQDPHQWV7KHZDOORIWKHFDYHKDV
EHDXWLIXORUQDPHQWVDQGVWLOODFWLYHHLWKHUWRIRUPVWDODJPLWHVVWDODFWLWHVDQGGUDSHU\DQGFDQRS\>@
)DXQD&KDUDFWHULVWLFV
0DURV NDUVW UHJLRQ LV WKH KDELWDW IRU DERXW  VSHFLHV RI EXWWHUIOLHV DQG UDUH DQLPDOV VR WKDW %DQWLPXUXQJ
UHJLRQ LV ZHOO NQRZQ DV “WKH NLQJGRPRI EXWWHUIOLHV”0DURV NDUVW UHJLRQ LV LQKDELWHG E\ VHYHUDO DQLPDO VSHFLHV
VWHSVVXFKDV6XODZHVLKRUQELOOVpenelopides exarhartusNHUDZLWKRXWWDLOMacaca MauraWHUVLXV(tarsiers sp.
NXVNXV Phalanger Ursius 6XODZHVL ZHDVHO macrogilidia Rasmussen braecki GHHU carvus timorensis DQG D
YDULHW\RIZLOGOLIHVKDULQJ8QLTXHELRWDDUWKURSRGVIRUH[DPSOHKDVORQJDQWHQQDHDVRUJDQVRIWDVWH$PRQJWKH
ILQGLQJVDUHWUDQVSDUHQWERGLHGEOLQGFDYHILVKBostrycus sp.IURPWKH6DULSDFDYHLQ0DURVVFRUSLRQVEOLQGFDYH
DQGWKHRQO\RQHLQ6RXWKHDVW$VLDWKHEOLQGFDYHVKULPSDQGWUDQVSDUHQWVWDWXUHCirolana marosinaEUDQFKQRVHG
EDW Nyctmene cephalotes GLQRSV KLSSRVLGHURV EDWV WKDW OLYH RQO\ LQ 6XODZHVL FUDE VSLGHU cancrocaeca 
XenomorphEHHWOHVRIWKHEOLQG&ROHRSWHUDW\SHVVSVRPHNLQGRIFDYHFULFNHWVrhaphidophora sp.ZKLFKKDYH
QRWEHHQLGHQWLILHGDQGWKHQHZW\SHVVSLGHUHeteropoda beroni>@
)ORUD3RWHQWLDO
7KH FRQWHQW RI FDOFLXP DQG PDJQHVLXP IURP OLPHVWRQH URFN ZKLFK GRPLQDWHV WKH DUHD RI NDUVW LQ WKH
%DQWLPXUXQJ%XOXVDUDXQJ1DWLRQDO3DUNLVKLJKDQGOLPLWVWKHW\SHVRISODQWVWKDWFDQOLYHLQWKLVHFRV\VWHP%DVHG
RQWKHIRUHVWHFRV\VWHPWKH1DWLRQDO3DUN%DQWLPXUXQJ%XOXVDUDXQJLVGLYLGHGLQWRWKUHHPDLQW\SHVRIHFRV\VWHPV
QDPHO\IRUHVWHFRV\VWHPVRYHUWKHURFNVNDUVWOLPHVWRQHRYHUIRUHVWZRRGVRYHUOLPHVWRQHRUNDUVWHFRV\VWHPVD
ORZODQGIRUHVWHFRV\VWHPDQGORZHUPRQWDQHIRUHVWHFRV\VWHP)ORUDVSHFLHVH[LVWHGLQWKH%DQWLPXUXQJ1DWLRQDO
3DUNDUHYHU\GLYHUVHDQGDPRQJWKHPWKHUHDUHWKHW\SHVGRPLQDQWDVZDQJDSDOPPiqafetta filariVDQGArenga sp
WKDWDUHQRWIRXQGDJDLQDWDOWLWXGHVDERYHPIURPVHDOHYHO7KHW\SHRIWLPEHULQFOXGHVXUXElmerillia sp.
Casuaria sp.GXDEDQJDPROXFFDQDVatica sp.Pangium eduleEucalyptus deglupta,QWKHORZHUPRQWDQHIRUHVWVLW
LVIRXQGLitsea sp.$JDWKLVSKLOLSSLQHQVLVDQGYDULRXVW\SHVRIEDPERRDQG)LFXVVXPDWUDQD>@
5LYHU8QGHUJURXQG3URILOHLQ0DURV.DUVW5HJLRQ
7KHDYHUDJHUDLQIDOODQGWKHZDWHUGLVFKDUJHLQ0DURVNDUVWRYHU\HDUVDUHVKRZQLQ)LJXUH7KHDYHUDJH
UDLQIDOO DERYHPPSHU\HDURFFXUUHG LQ WKH UDQJHRI WRZLWK WKHKLJKHVW UDLQIDOO DYHUDJH LQ
PPDQGPP>)LJXUHD@)LJXUHEVKRZVWKDWWKHKLJKHVWZDWHUGLVFKDUJHRFFXUUHGLQ
DQG\HDUVZKLFKZDVDERYHPV7KHUHZDVWKHGHFOLQHLQWKHZDWHUGLVFKDUJHWRWKHORZHVWLQ
RQO\DERXWPV7KHDQDO\VLVVKRZHGWKDWSUHFLSLWDWLRQKDVLQGLUHFWHIIHFWRQWKHDPRXQWRIWKHZDWHUGLVFKDUJH
LQ0DURVNDUVW*HQHUDOO\WKHUHZDVDGHOD\WLPHLQWKHNDUVWUHJLRQLQGLFDWLQJWKDWWKHWLPHQHHGHGE\UDLQZDWHUWR
PDNHWKHZDWHUGLVFKDUJHYROXPHLQWKHULYHULQFUHDVHV7KHJUHDWHUWKHGHOD\WLPHVLQDNDUVWUHJLRQWKHORQJHULW
WDNHVIRUUDLQWRDIIHFWWKHYROXPHRIULYHUZDWHU>@

 
D E
),*85(D$YHUDJHUDLQIDOODQGEZDWHUGLVFKDUJHWKH\HDUV
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$YDLODELOLW\RI8QGHUJURXQG5LYHU:DWHU'LVFKDUJHLQ0DURV.DUVW5HJLRQ
$YDLODELOLW\RIXQGHUJURXQGZDWHUGLVFKDUJHRIWKHULYHULVDQHFHVVDU\FRQGLWLRQIRUVXVWDLQDEOHXVH)URPWKH
GDWD RI UDLQIDOO DQG WKH ZDWHU GLVFKDUJH LQ  WKH SUHGLFWLRQ RI UDLQIDOO ZDV WKHQ SHUIRUPHG DQG ZDWHU
GLVFKDUJHLQ)LJXUH)LJXUHDVKRZVWKDWWKHDYHUDJHSUHFLSLWDWLRQIRUWKHQH[WIRXU\HDUV
ZLOOVKDUSO\ IOXFWXDWHVWDUWLQJDW WKHEHJLQQLQJRI -DQXDU\WKHDYHUDJHUDLQIDOO LVKLJKDQGOLNHO\WRGHFOLQH
XQWLO LW UHDFKHVD ORZSRLQW LQ0D\7KLV VLWXDWLRQ WXUQHG WREHKLJKHU VLQFH WKHPRQWKRI0D\ WR6HSWHPEHUDQG
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\HDUV 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